INTRODUCTION
============

*Mycoplasma pneumoniae* (*M. pneumoniae*), an atypical microorganism, is a major causative agent of respiratory infection in children[@B1] and is isolated from more than 40% of patients with community-acquired pneumonia.[@B2] *M. pneumoniae* infection occurs most commonly in children aged 4-5 years, with waves of prevalence every 3-4 years.[@B1]

The relationship between *M. pneumoniae* infection and asthma development has been debated for the past 20 years.[@B3] Previous studies have demonstrated that the incidence of *M. pneumoniae* infection is higher in patients with chronic stable asthma or acute exacerbation than in control subjects.[@B4]-[@B6] In addition, *M. pneumoniae* infection has been shown to correlate with the induction and aggravation of asthma symptoms. Biscardi et al.[@B7] have demonstrated that the recurrence rate of asthma is higher in atopic children aged 2-15 years whose first attack was accompanied by *M. pneumoniae* infection, compared with those without. This observation suggests that *M. pneumoniae* infection is related to asthma attacks. Further studies analyzing the expression of various cytokines are needed to understand the relationship between *M. pneumoniae* infection and asthma.

Vascular endothelial growth factor (VEGF) is a major mediator that induces airway hypersensitivity to inhalant allergens. VEGF is secreted from endothelial cells and smooth muscle cells as well as inflammatory cells upon inflammatory reactions. It induces angiogenesis, permeability changes, and edema formation in the airway wall; all of these play crucial roles in the pathophysiology of asthma. Hypersecretion of VEGF in the airways induces T cell sensitization to inhalant allergens and stimulates the synthesis of co-stimulatory molecules in lung-resident dendritic cells.[@B8] A previous study has indicated that serum VEGF levels are significantly higher in *M. pneumoniae* infected-patients with wheezing than in those without wheezing.[@B9]

Interleukin (IL)-5 is primarily secreted by Th2 cells and is related to the growth, maturation, differentiation, survival, and activation of eosinophils. Eosinophils accumulate in the lungs of transgenic mice that overexpress IL-5.[@B10],[@B11] Moreover, IL-5 plays a role in the development of asthma. Choi et al.[@B12] have demonstrated that serum levels of VEGF and IL-5 are significantly higher in atopic patients with wheezing than in those without or in control subjects. IL-13, which plays a role in airway remodeling, induces tissue fibrosis through transforming growth factor-β activation.[@B13] In addition, IL-13 has been shown to induce myofibroblast hyperplasia, airway obstruction, and airway hyperresponsiveness.[@B9] In *in vitro* experiments, Thavagnanam et al.[@B14] showed that IL-13 enhances goblet cell hyperplasia and decreases the number of bronchial epithelial cells detected in samples taken from children, suggesting an IL-13-mediated mechanism for the development of asthma. Interferon (IFN)-γ is released by Th1 cells and suppresses Th2 cells, thus maintaining the balance between Th1 and Th2 cells. Stirling and Chung[@B15] have advocated that serum IFN-γ levels are decreased in atopic patients and that there is a significant relationship between the decrease in IFN-γ and the severity of asthma. Lack et al.[@B16] reported that IL-5 levels and the number of eosinophils are both decreased in bronchoalveolar lavage fluid after intrathecal administration of IFN-γ. Tumor necrosis factor (TNF)-α increases airway responsiveness and promotes the synthesis of various cytokines such as regulated upon activation, normal T-cell expressed and secreted, IL-8, and granulocyte-macrophage stimulating factor, which in turn initiate chronic airway inflammation.[@B15]

This study was conducted to investigate the effect of *Mycoplasma infection* on allergic diseases by measuring the serum levels of VEGF, IL-5, IL-13, IFN-γ, and TNF-α.

MATERIALS AND METHODS
=====================

Study subjects
--------------

This study enrolled a total of 72 children who were admitted to the Department of Pediatrics at Hanyang University Guri Hospital in Korea, due to pneumonia. This study was performed prospectively from October, 2010 to June, 2011. The mean age of the children was 5.2±3.9 years (range, 2-15 years). All children underwent evaluation for past/family history of allergic diseases, physical examination, routine laboratory tests, and the measurement of total IgE and the number of eosinophils in serum. The children were divided into 4 groups ([Table 1](#T1){ref-type="table"}): those with *M. pneumoniae* pneumonia who had increased serum IgE and past/family history of allergic diseases and (group I, n=24); those with *M. pneumoniae* pneumonia who had normal serum IgE and no past/family history of allergic diseases (group II, n=23); those with viral pneumonia who had increased serum IgE and past/family history of allergic diseases (group III, n=13); and those with viral pneumonia who had normal serum IgE and no past/family history of allergic diseases (group IV, n=12). The protocol and consent forms of this study were approved by the Institutional Review Board at Hanyang University. Informed written consent was obtained from all parents and/or participants.

Diagnosis of *M. pneumoniae* pneumonia
--------------------------------------

Pneumonia was diagnosed based on clinical symptoms such as fever, cough, dyspnea, and crackles and radiological findings. *M. pneumoniae* as a causative organism of pneumonia was identified by anti-mycoplasma antibody titers, which were measured by the microparticle agglutination method using a commercial kit (Serodia-Myco II, Fujirebio, Tokyo, Japan). Anti-mycoplasma antibody titers were regarded as positive when the they were ≥1:160 at admission phase or when the titers at symptomatic recovery phase were more than four-fold those measured at admission phase. The range of duration from admission to symptomatic recovery was 7-10 days.

Diagnosis of viral pneumonia
----------------------------

Viral pneumonia was diagnosed based on respiratory symptoms, positive radiographic findings, and positive results of virus polymerase chain reaction (PCR) analysis of nasopharyngeal secretions. At admission, samples of nasopharyngeal secretions were obtained from the nasopharynx by aspiration through catheters after injecting 5 mL of sterile physiological saline solution into mucus traps. Each specimen was independently screened for the presence of common respiratory viruses, including influenza viruses, parainfluenza viruses, human coronaviruses, human rhinoviruses, human metapneumoviruses, human adenoviruses, and respiratory syncytial viruses, by reverse transcription-PCR using a commercial kit (Seeplex RV 12 ACE Detection, Seegene, Seoul, Korea).

Measurement of serum IgE and number of eosinophils
--------------------------------------------------

Serum IgE levels were measured using an IRMA kit (Diagnostic Products Co., Los Angeles, CA, USA). The number of peripheral eosinophils was measured with an automated hematology analyzer (Coulter Counter STKS, Beckman Coulter, Fullerton, CA, USA), using blood samples collected into tubes containing EDTA.

Measurement of serum VEGF, IL-5, IL-13, IFN-γ, and TNF-α
--------------------------------------------------------

Venous blood was taken from each subject, centrifuged at 1,000×g for 10 minute at 4°, and stored at -70℃. IL-5, IL-13, IFN-γ, and TNF-α levels were measured using commercial enzyme-linked immunosorbent assays (ELISAs) (DBD Inc., San Diego, CA, USA), according to the manufacturer\'s instructions. The detection limit was 2 pg/mL for IL-5, IL-13, IFN-γ, and TNF-α. VEGF was measured using a human VEGF kit (Biosource, Camarillo, CA, USA). The values measured at admission were compared with those measured at the time of symptomatic recovery.

Statistical analysis
--------------------

Statistical analyses were performed using SPSS version 18.0 (SPSS Inc., Chicago, IL, USA). The data are expressed as means±SD. Statistical comparisons were made with paired *t*-tests. A *P* value of \<0.05 indicated statistical significance. Parametric one-way ANOVA with *post hoc* Tukey correction was used to compare levels of VEGF and IL-5 among the study groups.

RESULTS
=======

Each patient group shows different clinical characteristics, laboratory results, total IgE level, and number of eosinophils ([Table 1](#T1){ref-type="table"}). In groups I and II, anti-mycoplasma antibody titers were ≥1:160 at admission phase; the titers at the time of symptomatic recovery phase were more than four-fold those at admission phase. In groups III and IV, anti-mycoplasma antibody titers were \<1:40 at admission phase. and were not increased at recovery phase. Serum IgE levels were significantly higher in groups I and III compared with groups II and IV. There was no significant difference in the number of eosinophils among the four subject groups.

Serum VEGF levels
-----------------

Serum VEGF levels measured at admission phase were significantly higher in group I (874.9±589.9 pg/mL) than in groups III and IV (396.9±251.5 and 356.9±310.6 pg/mL, respectively; *P*\<0.01). At the time of symptomatic recovery phase, serum VEGF levels were significantly higher in group I (1,102.2±569.4 pg/mL) than in groups II, III and IV (659.4±434.8, 431.3±210.6, and 411.7±367.6 pg/mL, respectively) ([Fig. 1](#F1){ref-type="fig"}; [Table 2](#T2){ref-type="table"}). Serum VEGF levels tended to be higher at recovery phase than at admission phase in all four groups, but only group I showed significantly increased VEGF levels at the time of symptomatic recovery phase (1,102.2±569.4 vs. 874.9±589.9 pg/mL, recovery phase vs. admission phase; *P*\<0.05).

Serum levels of IL-5, IL-13, and TNF-α
--------------------------------------

Serum IL-5 levels were significantly higher in group I (120.2±46.7 pg/mL) than in groups III and IV (92.5±36.2 and 91.0±34.9 pg/mL, respectively; *P*\<0.01) at admission phase. Serum IL-5 levels were increased at recovery phase compared with those at admission phase in all four groups, but the increase was significant only in group I (150.5±63.9 vs. 120.2±46.7 pg/mL, recovery phase vs. admission phase; *P*\<0.05). At the time of symptomatic recovery phase, serum IL-5 was significantly higher in group I (150.5±63.9 pg/mL) than in groups III and IV (98.6±33.1 and 96.3±49.9 pg/mL, respectively; *P*\<0.05) ([Fig. 2](#F2){ref-type="fig"}; [Table 2](#T2){ref-type="table"}).

Serum levels of IL-13 and TNF-α were not significantly different among the four groups, at admission phase or at recovery phase. Serum IL-13 and TNF-α levels did not differ significantly between admission phase and symptomatic recovery phase in any group ([Table 2](#T2){ref-type="table"}).

DISCUSSION
==========

In this study, serum VEGF levels were significantly higher in group I than in groups II and III, and IV at admission phase. Our findings, which included atopic children with and without wheezing, are consistent with those of previous studies that included children with wheezing.[@B9],[@B12] It has been suggested that compared with allergy, *M. pneumoniae* can more frequently aggravate or initiate asthma symptoms, and that *M. pneumoniae* pneumonia and asthma are significantly correlated in terms of clinical symptoms.[@B17],[@B18] It has also been shown that allergic reactions are induced or aggravated by IgE-related hypersensitivity and Th2 immune reactions.[@B19]-[@B21] *M. pneumoniae* induces upper airway infections such as acute pharyngitis and laryngitis more frequently than lower airway infections.[@B22] Clyde[@B23] reported that 20% of patients with *M. pneumoniae* infection were asymptomatic, and that less than 5% of all patients with *M. pneumoniae* infection had lower airway infections such as pneumonia. Based on these results, it is conceivable that *M. pneumoniae* infection may stimulate or aggravate allergic reactions.

In the present study, VEGF levels were significantly higher in atopic children with *M. pneumoniae* pneumonia than in those with viral pneumonia. VEGF, an endothelial cell-specific mitogenic peptide, serves as a vascular permeability factor and plays a crucial role in vasculogenesis and angiogenesis. It also induces extravasation of protein-rich plasma from the airway, increases vascular permeability, and causes airway inflammation through edema formation.[@B24],[@B25] Increased VEGF levels with *M. pneumoniae* infection suggest that *M. pneumoniae* stimulates allergic inflammation, as well as airway vascular angiogenesis and edema formation, consequently aggravating airway inflammation. In previous studies, the levels of IL-13, IL-4, and TNF-α were increased with *M. pneumoniae* infection, suggesting that this infection can aggravate asthma symptoms.[@B26],[@B27] However, in our study, there were no significant differences in serum IL-13 and TNF-α levels between admission phase and symptomatic recovery phase in any of the four study groups. This apparent discrepancy may be attributable to differences between the two study cohorts.

In the present study, serum IL-5 levels at admission were higher in groups I and II (*M. pneumonia* groups) than in groups III and IV (viral pneumonia groups), although these differences did not reach statistical significance. This result agrees with previous results reported by Esposito et al.[@B28]

Serum levels of VEGF and IL-5 were significantly higher at the time of symptomatic recovery phase than at admission phase. This implies that *M. pneumonia* infection stimulates bacterial inflammation as well as allergic inflammation, and that inflammation reactions related to VEGF and IL-5 persist even after recovery from *M. pneumoniae* pneumonia, prolonging allergic inflammation. The increased VEGF levels at the time of symptomatic recovery phase in our study suggest the presence of VEGF-induced increases in vascular permeability, airway vascular angiogenesis, and edema formation, all of which aggravate airway inflammation. Serum IL-5 levels at recovery phase were significantly higher in group I than in the other groups, indicating that IL-5-dependent allergic inflammatory reactions are persistently induced by *M. pneumoniae* infection in atopic children, but not in non-atopic children.

In the present study, serum levels of IL-13 and TNF-α tended to be higher in atopic children with viral pneumonia (group III) compared with the other groups; however, the differences were not significant. We also did not detect differences in serum cytokine levels between children with viral pneumonia caused by respiratory syncytial virus or rhinovirus and children infected by other viruses (data not shown).

The serum levels of VEGF and IL-5 were more increased in atopic children with *M. pneumonia* pneumonia than in the other groups. In this group, the serum levels of VEGF and IL-5 were more increased at recovery phase than at admission phase.

In conclusion, our study results suggest that *M. pneumoniae* pneumonia may induce allergic inflammatory reactions as well as bacterial inflammatory reactions and can persistently aggravate existing allergic inflammation. Further studies with larger sample sizes are needed to confirm our results. Mechanisms of allergic reactions through other cytokine mediators also merit additional investigation.
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The comparison of serum VEGF, IL-5, IL-13, and TNF-α level in the study
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^\*^VEGF(A) vs VEGF(R): *P*\<0.01, ^†^IL-5(A) vs IL-5(R): *P*=0.01, ^‡^VEGF(A) group I vs group III, group I vs group IV: *P*\<0.01, ^§^VEGF(R) group I vs group II, group I vs group III, group I vs group IV: *P*\<0.01, ^∥^IL-5(R) group I vs group III, group I vs group IV: *P*\<0.05, Scale for cytokine level: pg/mL.

VEGF, vascular endothelial growth factor; IL, interleukin; TNF, Tumor necrosis factor.
